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SUBJECT:  Mon'thly  Rep<»rt  -  AID  Work  Asslgnmtnt  No*  12 

PERIOD  :  December  1961  to  January  19^2 


This  Is  the  sixteenth  in  a  monthly  report 
series  revlevlng  Soviet  developments  in 
'bracking  missiles  and  speuse  vehicles.  It 
Is  baaed  on  source  materials  received  at 
the  Aerospace  Infozmation  Division  from 
December  1961  through  January  19^2 ,  Be¬ 
ginning  vlth  this  issue  the  reports  vill 
appeaor  q.uairterly.  Infoxnatlcm  not  directly 
related  to  the  assigned  subject  has  been 
Included  because  of  its  broad  implications 
for  study  In  this  field* 

The  materials  in  this  report  deal  vlth  the 
foUowrlng  topics: 

I .  Electromagnetic  problems 
II.  Ion  clouds  and  ionosphere  perturbations 

V  •  Rsidlo  Mtronamy 


SUBJECT:  Monthly  Report  -  AID  Work  Assignment  No.  12 
PERIOD; :  December  1961  to  Janiaary  1962 


TOPIC  I,  ELECTROMAGNETIC  PROBLFMS 

1)  Borodin,  A,V.,  P.P.  Gavrin,  I.A.  Kovan,  B.I.  Petrushev,  S.L.  Nedoseyev, 
V.D.  Rusemov,  and  D.A.  Frank-KamenetskLy.  Magnetoacoustlc  oscillations 
euxd  Induction  pinch  Instability.  Zhumal  eksperlmental'noy  1  teoretr- 
Icheskoy  flzlkt,  v,  4l,  no*  2(8),  Aug  1961,  31T-521.  QC1.Z4T^  v.  4l 

In  a  study  of  the  behavior  of  an  Induction  pinch  rapidly  compressed  by 
radial  oscillation,  experimental  equipment  similar  to  that  which  Is  generally 
used  for  plasma  Induction  compression  and  heating  was  employed  under  the 
following  operating  conditions:  l)  a  basic  magnetic-field  amplitude  of 
25  koe  at  a  frequency  of  59  kc;  2)  a  radio-frequency  meignetic-field  amplitude 
of  50  to  70  oe  at  a  frequency  of  50  me;  and  3)  vacuum  of  10”i  to  10-3  nim  Hg 
maintained  In  a  quartz  discharge  tube  contadnlng  air,  hydrogen,  argon,  xenon, 
or  helium.  An  C$P-2M  hl^-speed  ^otorecorder  was  used  for  recording  the 
obsez*vatlons . 

The  study  showed  that  quick  radial  compression  of  plasma  generates  in 
the  plasma  a  natural  audio-frequency  magnetic  oscillation  which  is  damped 
with  time.  Ejection  of  longitudinal  pleisma  "horns”,  thou^t  to  be  the  re¬ 
sult  of  inertial  instability,  was  observed  at  the  moment  of  maximum  plasma 
ccnpiresslan.  The  experimental  data  on  the  relationship  between  iwitural 
plasma  oscillation  and  the  mass  of  the  gas  are  In  good  agreement  with  theo¬ 
retical  calculations. 


2)  Ponomarev,  Ye .A.  Some  problems  of  L-P  wave  propagation  in  a  pinched 
viscous  plasma  along  a  magnetic  field.  Astronomicheskly  zhumal, 

V.  38,  no.  5,  Sep-Oct  I961,  877-884.  QB1.A47,  v.  38 

In  a  study  of  the  fading  and  Interaction  of  various  types  of  oscillations 
related  to  the  heating  of  the  solar  corona,  the  theory  of  magnetcAiydrody- 
namlc  corona  heating,  "in  spite  of  some  difficulties",  is  consldemd  the  only 
acceptable  theory,  because  it  provides  a  satisfactory  explamation  of  a  number 
of  i^enomena.  This  theory  can,  in  many  cases,  be  brought  into  agreement  with 
observational  results  by  systematically  taking  into  account  the  effect  of 
viscosity.  This  possibility  is  illustrated  by  the  consideration  of  a  plane 
wave  propagating  in  the  direction  of  a  magnetic  field  in  a  pinched  viscous 
plasma  and  having  an  amplitude  lower  than  the  magnetic-field  intensity.  The 
fluctuation  of  the  plasma  density  is  considered  to  be  lower  than  the  density 
fluctuation  of  unperturbed  plasma,  and  the  effects  of  radiation  and  heat 
conductivity  are  ignored. 


RelationshipB  generalizing  the  knovn  msgnetohydrodyiuunlc  equations  eu:« 
derived  and  the  f ollovlng  coneloslons  reached:  l)  in  a  pinched  viscous 
plasma  the  following  vaves  may  propagate  along  the  magnetic  field,  depend¬ 
ing  on  where  and  o)  axe  the  wave  velocity  and  wave  frequency, 

respectively,  and  -8  »  c»/4na  +  v  (<?  is  the  plasma  coiiductivlty  and  v  the 
viscosity):  magnetohydrodynamlc  and  sound  vaves  if  /b8>l;  and  viscous, 
sound,  and  radio  waves  if  V*/(i).8<  1;  2)  in  relation  to  a  magnetohydrodynamlc 
wave,  viscous  plasma  is  a  dispersing  medium;  3)  at  V*/(»6  >  l  .the  attenuation  is 
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4)  the  attenuation  of  magnetohydrodyxiamlc  vaves  in  plasma  cannot  he  of  un¬ 
limited  low  value  and  the  concept  of  undamped  vaves  cannot  he  regarded  as 
correct  when  applied  to  solar  condlticms;  3)  magnetohydrodynamlc  vaves 
cause  the  appearance  of  strongly  damped  longitudinal  vaves  which,  under 
certain  conditions,  dissipate  a  conslderahle  amount  of  energy;  and  6)  in 
hlgh-eonductlvlty  plasma,  the  depth  of  penetration  of  viscous  waves  may 
exceed  conslderahly  the  depth  of  penetration  of  electrcnagnetic  waves, 
although  the  fomer  carry  only  an  insignificant  amount  of  energy.  (Depart¬ 
ment  of  Astronomy,  KLyev  State  University) 


3)  Silln,  V.P,  On  the  theory  of  electromagnetic  fluctuations  in  a  plasma. 

Zhumal  eksperimental'noy  1  teoreticheskoy  flzlkl,  v.  4l>  no.  3(9)» 

Sep  1961,  969-976.  <5C1.Z47,  T,  41 

V.P.  Sllin,  in  referring  to  previous  studies  in  which  the  tensor  of  the 
complex  dielectric  constant  was  used  in  developing  a  theory  of  thermal  fluc¬ 
tuations  in  an  equiUhrlum  plasma,  points  out  that  such  a  theory  cannot  he 
used  for  descrlhing  fluctuations  in  a  reurefled  plasma  which  is  in  a  state 
of  nonequlllhrlum.  Noting  that  the  plasma  consists  of  a  system  of  peurtlcles 
with  weak  interwtion,  Silin  considers  the  following  two  cases:  l)  the 
absence  of  a  strong  magnetic  field,  in  which  case  the  state  of  the  particles 
can  he  descrihed  hy  plane  waves;  and  2)  the  presence  of  a  strong  field  acting 
on  the  plasma,  l.e.,  a  case  in  which  ncinrelatlvlstic  treatment  may  he  used 
and  where  spin  effects  may  he  disregarded.  Expressions  descrlhing  electro¬ 
magnetic  fluctuations  in  the  plasma  are  derived  on  the  basis  of  the  electric- 
field  operator.  These  expressions  may  also  he  used  in  determining 
fluctuations  for  cases  in  which  the  distribution  of  plewma  particles 
is  a  function  of  coordinates  and  time.  In  the  latter  case,  the 
correct  description  of  fluctuations  can  he  obtained  only  for  frequencies 
and  wave  numbers  larger  than  the  characteristic  frequencies  and  wave  num¬ 
bers  which  determine  the  varlatim  of  the  nonequi librium  distribution 
function.  (Physics  Institute  Imeni  P.N.  Lebedev,  Academy  of  Sciences  USSR)  : 
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Siq^runenko,  V.A.,  Ye.D.  Volkov^  N.I.  Reva»  Ye*A.  SuUiaiilln,  P.Ya*  B\ir« 
cheoko,  and  N.I.  Rudoev.  Invaatigatlon  of  pinch-effect  dynamics  In  a 
magnetic  field*  Zhumal  tekhnlcheskoy  flzlki,  v.  no.  10,  Oct  1961, 
1246-1247.  qci.z48,  v.  31 

In  a  study  of  the  pinch-effect  dynamics  in  a  magnetic  field,  a  straight 
porcelain  tube  id  cm  in  diameter  and.  42  cm  in  length,  filled  vlth  hydrogen 
at  a  pressure  of  1.3*10~*  mm  Eg,  was  used.  A  13*4^f  capacitor  hank  vas  dis¬ 
charged  throu{^  the  tube.  A  pulse  transformer  ifas  employed  for  matching 
the  high-roltage  battery  vlth  the  discharge  tube*  A  glass  tube  containing 
a  system  of  9  magnetic  probes  vas  placed  inside  the  discharge  tiibe;  the 
dl,scharge  period  varied  from  30  to  60  |i.sec.  The  processing  of  magnetlc- 
prdbe  signals  made  it  possible  to  ascertain  not  only  the  position  of  the 
discharge  in  the  chamber,  but  Its  conductivity,  current  density,  and  electric- 
field  intensity  at  any  given  moment  and  at  any  given  point.  It  vas  found 
that  the  amplitude  of  discharge  oeelllatlons  along  the  discharge  chamber 
Inezmased  proportionally  to  the  S4,uare  root  of  the  electric-field  intensity. 
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SUBJECT:  Monthly  Report  >  AID  Work  Assigament  Ho*  12 

FERZGD  :  Deecnber  I96I  to  January  1962 

TOPIC  II.  101  CLOUDS  AMD  IGHOSPHEBS  FERTORBATIOEirS 

1)  Gusev,  V.D.,  and  Yu. V.  Berezin.  Measurement  of  radio>vave  ahsorptlon  in 
the  presence  of  large  Ionospheric  inhomogeneities.  IB:  Moecoir.  Uhi- 
versitet.  Vestnik.  Serlya  III:  Fizika,  astronomiya,  no.  5,  Sep-Oct 
1961,  39-47. 

A  possible  method  is  discussed  for  reducing  the  effect  of  large  iono¬ 
spheric  heterogeneities  on  the  amplitude  and  phase  of  radio  waves  reflected 
frcB  the  ionosphere.  In  order  to  demonstrate  that  under  certain  conditions 
the  amplitudes  of  signals  reflected  front  the  lonbsphere  are  subject  to  fo¬ 
cusing  effects,  an  equation  for  the  amplitude  of  the  reflected  wave  was  de¬ 
rived  cm  the  basis  of  an  approociiiMtion  of  geometrical  optics  imder  the  as¬ 
sumption  that  the  reflecting  surfcuse  represents  the  real  ionosphere.  A  sta¬ 
tistical  analysis  was  made  of  the  influence  of  large  heterogeneities  on  the 
phase  of  a  reflected  signal.  It  was  concluded  that,  in  order  to  avoid  serious 
errors  in  measuring  the  coefficient  of  reflection,  the  focusing  effects  to 
which  the  reflected  waves  are  subject  must  be  taken  into  account  and  the 
measured  values  of  the  coefficient  should  be  averaged  within  a  time  interval 
whose  length  depends  on  the  parameters  of  the  reflecting  layer.  For  the  F 
layer  this  interval  is  about  one  hour.  (Depmrtrnent  of  Radio-Wave  Paropagatlon, 
Nosecsr  State  University) 
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SUBJECT:  Monthly  Report  -  AID  Work  Asslgonent  No.  IS 
PERIOD  :  Decemhei:  1961  to  Janiiary  1962 

TOPIC  V.  RADIO  ASTRCEOMI 

1)  Koehcbeiiko,  V.K.,  B.Ya.  Loeovskiy,  and  A.  Ye.  Salamonovlch.  Lunar 
radio  emission  on  the  3.2>cm  vavelength.  Izvestiya  vysshlkh  uchehnykh 
zavedenly.  Radloflzika,  v.  k,  no.  4,  196I,  59^599*  QC661.R8,  v.  4 

The  Physics  Institute  Imenl  P.N.  Lehedev^  Academy  of  Sciences  USSR,  has 
measured  the  two-dimensional  distribution  of  lunar  brl^tness  on  the  3.2>cm 
wavelength  with  the  aid  of  a  22-m  xad^o  telescope.  The  antenna  beam  width 
at  the  3-db  level  was  6*3'  (ito.2').,  A  conventional  modulated  radiometer 
whose  threshold  sexisltlvity  was  3  to  4*  with  a  time  constant  of  1  sec  served 
as  a  receiver.  The  following  approximate  expression  for  the  variation  of  the 
tesq^rature  at  the  center  of  the  lunar  disk  with  the  phase  of  the  moon  ^  was 
derived  on  the  basis  of  the  results  obtained: 

T  =  223  -  17  cos  (  4  -  45*). 

The  relative  error  In  temperature  measurement  was  while  the  absolute 

error  resulting  from  an  approximate  determination  of  antenna  peurameters  was 
t,  15^.  The  error  in  detenilnlng  the  lag  between  the  radio  phase  and  the 
optical  lunar  phase  was  *  The  teoqperature  deviation  from  the  average 
value  was  determined  to  be  ^  azid  the  depth  of  penetration  of  radio  and 
thermal  waves  for  the  3.2-em  wavelength,  6.1  cm.  The  latter  value  agrees 
closeljr  with  that  obtained  on  the  2-cm  wavelength.  The  experimental  phase 
lag  (45  1  5")  in  the  expression  for  the  temperattire  also  agrees  closely  with 
the  value  of  41*  obtained  analytically  for  a  model  of  a  homogeneous  radiating 
layer.  (Physics  Institute  iMnl  F.H.  Lebedev,  Academy  at  Sciences  USSR) 


2)  Krotikov,  V.D.,  VJl.  Porfir’yev,  and  V.S.  Troltskiy.  Calibration  of 
lunar  radio  emission  on  the  3. 2-cm  wavelength.  Izvestiya  vysshikn 
uchebnykh  zavedenly.  Radioflzlka,  v.  4,  no.  4,  19^1,  7^,9o 
QC661.R8,  V.  4 

The  Scientific  Research  Institute  of  Radiophysics,  Uor'kly  University, 
has  developed  a  new  method  for  the  accurate  measurement  of  radio  emission 
of  the  moon  emd  discrete  radio  emission  sources  in  the  centimeter  wave¬ 
length  range.  The  method  Involves  the  ccmparlng  of  lunar  radio  emission 
with  the  thctrmal  malsslon  of  two  standards.  This  method  was  used  experi¬ 
mentally  in  measuring  lunar  radio  emission  (xi  the  ^»2-ca.  wavelength.  A 
radiometer  with  a  threshold  sensitivity  of  0.2*K  and  a  time  constfuit  of  16  sec 
served  as  a  receiver.  The  antenna  beam  width  was  I.3*.  An  absolutely  black 
disk  of  visible  angular  dimensions  ccmmensurate  with  those  of  the  moon  was 
used  as  the  first  standard,  while  a  black  plane  with  an  opening  equal  in 
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size  to  the  disk  served  as  the  second  standard.  Both  were  placed  15  to 
20*  above  the  horizon.  The  following  expression  for  the  average  lunar  radio 
temperature  on  the  3»2-cni  wavelength  as  a  function  of  the  lunar  phase  Q  t 
was  obtained:  T  “  210  +  I5.5  cos  (Qt  -  55*)*  The  total  systematic  error 
of -measurement  did  not  exceed  ±  2.55^.  It  is  suggested  that  the  error  can 
be  reduced  by  a  factor  of  at  least  2.  (Gor'kiy  Scientific  Research  Institute 
of  Radlophyslcs) 


3)  Kii?'*min,  A-h. ,  and  A..Te,' BalGBio!sovlch.o  Radio  emlsaic?*  frc®  the  ''’aunie-A 
region  on  the  8-inm  wavelength.  IN:  Akademlya  nauk  SSSR.  Doklady,  v.  140, 
no.  1,  1  Sep  1961,  81-83.  AS262.S3663,  V.  140 

A  series  of  observations  of  the  Taurus-A  radlo-esulssion  source  was  ccaxduc- 
ted  by  the  Physics  Institute  Imonl  P.N.  Lebedev,  Academy  of  Sciences  USSR, 
during  Msurch  and  April  of  1961.  The  observations  were  wada  on  the  8-inm  wave¬ 
length  with  the  use  of  a  22-m  radlotelescope.  The  sensitivity  of  the  radiometer 
which  served  as  a  receiver  was  1.5*K  with  a  time  constant  of  5  sec.  The  ex¬ 
perimental  recording  of  the  radio  emission  from  the  Taurus-A  region  showed  the 
presence  of  a  second  maximum  point  separated  by  36  see  from  the  maximum  point 
which  represents  the  position  of  the  Taurus-A  source.  It  Is  suggested  that  the 
second  maximum  may  represent  a  previously  unidentified  source  of  radio  emission. 
The  antenna  tenqperature  of  this  source  was  found  to  be  2,8*K  (db  lO^t);  the 
brightness  tenqperature,  7*K  (+  25^^);  ami  the  anlsslon  flux  density,  130*10“3« 
(s/mScps  (+  295^),  The  mean  value  of  the  antenna  temperature  of  the  Taurus-A 
source  was  determined  to  be  4.5*K  (i  10^);  the  brightness  temperature,  6"K 
(1  105^);  Md  the  emission  flxat  density  500*  10*'®  tu/m*  .  cps  (±  2,5^). 

(Physics  Institute  Imenl  P.N.  Lebedev,  Academy  of  Sciences  USSR) 


4)  Salcmooovlch,  A. Ye.,  and  V.N.  Koshchenko.  Observations  of  lunar  thermal 
radio  emission  on  the  2-cm  wavelength.  Izvestiya  vysshikh  uchebnykh 
zavedenly.  Radiofizlka,  v,  4,  no.  4,  1961,  591-595.  QC66i.r8,  v,  4 

The  Physics  Institxite  imenl  P.N.  Lebedev,  Academy  of  Sciences  USSR,  con¬ 
ducted  observations  of  lunar  radio  emission  on  the  2-cm  wavelength  with  the 
aid  of  a  22-m  radio  telescoise  during  November  eind  December  1959.  A  conven¬ 
tional  modulated  radiometer  served  as  a  receiver,  and  a  circular  waveguide 
was  lused  as  an  exciter.  The  electrical  vector  of  the  linearly  polarized 
waves  received  formed  a  45’  ajQgle  with  the  plane  of  the  horizon.  The  antenna 
beam-width  at  the  3-^  level  was  a  little  over  4'  in  both  the  E  and  H  planes, 
Fran  eleven  measurements  taken  the  following  expression  for  lunar-brightness 
temperature  aa  a  function  of  the  phase  of  the  moon  was  obtained:  T  “  190  -  cos 
(  -  40*),  where  ®  is  the  phaee  angle  of  the  moon.  Under  the  assumption  that 
the  distribution  of  the  lunar  surface  temperature  is  described  by  the  function 
ycoe  (<p  ),  9  being  the  lunar  latitude,  amd  that  the  surface  temperature  at  the 
center  of  the  moon  at  lunar  midday  is  407*K  and  at  midnight  125“IC,  the  depth 
of  penetration  of  2-cm  waves  was  determined  to  be  4.4  cm.  The  systematic 
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error  in  detexiainlxig  the  loiier  hri^tneBB  vmB  a^out  i  !%•  (FhyBicB 
loBtltute  laenl  P.N.  Lebeder,  AcBdeajr  of  SclenceB  USSR) 


3)  Vltkevieh,  V.V.,  A.D.  Kuz*Biln,  L.I.  Matveyenko,  F.L.  Sorochenko,  and 
V^«  Udal'tBOY.  RadloaBtroncflilcal  ObseirvatioaB  of  Soviet  space  rockets. 
RadloteUmlka  1  elektronlka,  v.  6,  no.  9»  196l>  I420«l431« 

TK7800.R4,  V.  6 

A  specially  designed  radio  Interfercsteter  with  jAiase  modulation  is  being 
used,  along  with  other  devices,  for  tracking  Soviet  space  rockets  equipped 
with  l83.6«mc  transmitters.  The  .antenna  system  consists  of  two  truncated 
peiiwboUc  reflectors  d  x  Id  m  and  11  x  12  m,  placed  I76  m  apart,  with  focal 
lengths  of  8tai.  A  specially  designed  antenna  exciter  system  with  a  0*75-0.8 
traveling-wave  ratio  is  placed  at  the  focal  point  of  each  of  the  parabolic 
reflectors.  The  sensitivity  of  the  Inteirfercneter  makes  it  possible  to  re¬ 
ceive  signals  from  a  0.03-(i>  transmitter  at  a  distance  equsJ.  to  the  lunar 
distance  and  Insures  1-2'  accurswy  In  angular  measuronent.  The  three  Soviet 
spawe  rockets,  lauhched  2  Jan,  12  Sep,  and  l4  Oct,  1959#  were  tracked  with 
the  add  of  this  Interferometer.  Examples  from  recorded  signals  from 
Liplk  II  are  given.  (Physics  Institute  imenl  P.R.  Lebedev,  Academy  of  Sci¬ 
ences  USSR) 


6)  Yesepklna,  N.A. ,  N.L4  Kaydanovskly,  B.O.  Kuznetsov,  G.V.  Kuznetsova,  and 
S.E.  Khaykln.  Investigation  of  raidiatlon  characteristics  of  pencil-beam 
imaige  auitennas  with  reflectors  of  variable  cross  section.  Radlotekhnlka 
1  elektronika,  v.  6,  no.  12,  Dec  1961,  I947-I960.  TK78OO.R4,  v.  6 

The  relation  pattern  of  antennaui  with  reflectors  of  variable  cross  section 
Is  determined  on  the  basis  of  both  .the  field  value  of  the  co]^ased  aperture  of 
the  amtenna  and  the  electric,  currents  in  the  reflector.  Em:^a8ls  is  given  to 
the  amtenna  field  of  the  frontal  half-space,  since  the  side  and  back  ratdlation 
Is  of  approximately  the  same  structure  am  that  in  usual  parabolic  amtennas. 
Calculations  were  nuide  which  were  bamed  on  th^  fact  that  the  reflector  of  the 
amtenna  investigated  converts  a  plane  wave  into  a  cylindrical  wave  with  a 
veirtical  generatrix  (and  vice-versa),  and  that  amy  llneaur  exciter  placed  at 
the  focal  point  of  the  reflector  cam  focus  a  converging  cylindrical  wave 
Into  one  point.  These  calculations  shewed  that  the  radiation  pattern  changes 
In  the  vertical  plane  with  elevation  without  aiffecting  the  antenna  gain.  The 
method  of  gecanetrlc  optics  was  applied  to  determine  the  field  of  the  aperture. 
It  warn  shown  that  under  vertical  polairlzation  of  the  exciter  field,  the  field 
in  the  aperture  is  directed  alcsig  the  raidlus  from  the  center  of  the  aperture, 
while  under  horizontal  polaurlzatlon  of  the  exciter  field  It  is  directed  ailong 
the  line  tangent  to  the  circumference  of  the  aperture.  The  change  of  the 
horlzantal  pattern  with  the  variation  in  elevAtion  was  shown  to  be  dependent 
on  the  horizontal  dimenslcm  of  the  antenna  and  occurs  only  at  a  constant  ir¬ 
radiation  angle.  The  utilization  factor  does  not  Increase  as  a  result  of  the 
narrowing  of  the  vertical  radlatlax  pattern.  It  was  also  shown  that  the  var¬ 
iation  of  the  utilization  factor  with  elevation  is  sU^t. 
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